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Abstract
BACKGROUND—Physical activity (PA) is recommended for primary and secondary prevention 
of cardiovascular disease (CVD). This study described the prevalence of self-reported and 
accelerometer-measured PA and sedentary behavior using a nationally representative sample from 
the United States, a subset of whom had CVD, including angina, coronary heart disease (CHD), 
congestive heart failure (CHF), and myocardial infarction (MI).
METHODS—Using the most recently available accelerometer data (combined 2003–2006) from 
the National Health and Nutrition Examination Survey, the study sample included 680 adults with 
CVD, who completed a questionnaire and wore an ActiGraph accelerometer for 1 week. A group 
without CVD (n=1000) was also selected as the referent, with similar age, gender, and race/ethnic 
distributions as those with CVD (angina, CHD, CHF, MI) in order to compare PA and sedentary 
behavior estimates. Percents and means were weighted to reflect the US population from 2003–
2006.
RESULTS—Among those with CVD, the proportion of individuals engaged in self-reported past-
month, moderate leisure activity ranged from 39.7% (CHF) to 53.8% (CHD) and vigorous leisure 
activity from 12.9% (CHF) to 18.4% (CHD), with walking the most commonly reported activity. 
Television watching ≥4 hours/day ranged from 36.2% (MI) to 44.8% (CHF). Using accelerometry, 
moderate-to-vigorous PA ranged from 8.6 minutes/day (CHF) to 11.4 minutes/day (angina). 
Sedentary behavior ranged from 9.6 hours/day (angina) to 10.1 hours/day (CHF). All 4 CVD 
groups had lower leisure activity and moderate-to-vigorous PA, and higher television watching 
and sedentary behavior, when compared to the referent group.
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CONCLUSIONS—Further efforts are needed to encourage PA and reduce sedentary behavior for 
secondary prevention of CVD.
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Lack of physical activity (PA) is a major risk factor for cardiovascular disease (CVD).1 PA 
is recommended for both primary and secondary prevention of CVD.2 In the United States 
(US), CVD has been the leading cause of death for the past 80 years and is a major cause of 
disability.3,4 Coronary heart disease (CHD) is 1 type of CVD and includes myocardial 
infarction (MI), angina, and other atherosclerotic or ischemic heart diseases. In 2009, CHD 
caused about 1 of every 6 deaths in the US.4 Congestive heart failure (CHF) was mentioned 
on 1 in 9 death certificates that same year.
Several physician and nurse organizations issued a joint statement on clinical practice 
guidelines for ischemic heart disease patients.5 One of the “strong recommendations” 
indicated that individuals with stable ischemic heart disease should engage in 30 to 60 
minutes of moderate intensity aerobic activity at least 5 days/week and preferably 7 days/
week. This should be supplemented with daily activities, such as gardening and household 
activities, to increase cardiorespiratory fitness. Physician-directed cardiac rehabilitation and 
home-based programs were also recommended for at-risk individuals with ischemic heart 
disease following diagnosis. In addition to these patient-oriented goals, US public health 
goals include increasing the proportion of adult MI patients referred to cardiac rehabilitation 
at hospital discharge (Healthy People 2020, goal HDS-22).6 Cardiac rehabilitation promotes 
long-term positive health behaviors, including PA, following a CVD event.
With more than 80 million American adults living with CVD,4 it is important to document 
the prevalence of PA among this population since it is a major risk factor for the disease. 
Using a nationally representative sample, this study described the prevalence of both self-
reported and objectively measured PA and sedentary behavior among those with CVD, 
including angina, CHD, CHF, and MI. We hypothesized that the prevalence of PA would be 
lower and sedentary behavior would be higher among those with CVD compared to a group 
without CVD. Secondarily, we explored whether the prevalence of PA and sedentary 
behavior differed by time since the CVD diagnosis or by the number of CVD conditions 
reported. We hypothesized that the prevalence of PA would be higher and sedentary 
behavior lower in the first year following an event as compared to subsequent years and 
among those with 1 CVD condition compared to those with 2 or more CVD conditions.
METHODS
Through in-person interviews and physical examinations, the National Health and Nutrition 
Examination Survey (NHANES) provided a cross-sectional assessment of nutrition and 
health of the US population. The data used in this study were obtained between 2003 and 
2006, the most recently available national data with both self-reported and objectively 
measured PA. In order to provide sufficient statistical power, the years were combined for 
all analyses. Data collected from the medical conditions questionnaire, PA questionnaire, 
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and PA activity monitor (eg, accelerometer) examination were used to assess PA prevalence 
among adults with self-reported history of CVD.
Study Sample
Participants provided informed consent before completing any questionnaires or 
measurements7 and these analyses were exempted by the University of North Carolina-
Chapel Hill Institutional Review Board. The medical conditions questionnaire captured 
information on a wide range of medical issues, including history of CVD. Study participants 
aged 20 years and older were asked whether they had a history of angina, CHD, CHF, and 
MI and, if affirmative, the age when they were first told they had the event. During the 4-
year period, 998 of 10,020 participants 20 years and older reported a history of 1 or more 
CVD events. Those with CVD diagnoses prior to age 18 years (n=26) were excluded since 
pediatric disease etiology differs from that of adults. We further limited the cohort by 
excluding those who did not wear the accelerometer (n=210) or did not provide at least 3 
days of accelerometer wear for 10 or more hours per day over a 7-day period (n=82). This 
left a final sample size of 680.
In order to contrast the prevalence of PA and sedentary behavior among CVD participants, 
we selected a group for comparison, frequency matched by age, gender, and race/ethnicity 
and with no reported CVD. Specifically, among 10,020 adult participants 20 years and older, 
we excluded 998 with prevalent CVD and 43 with missing information on CVD events. 
Similar to the CVD sample, we excluded those who did not wear the accelerometer 
(n=1561) or did not provide at least 3 days of accelerometer wear for 10 or more hours per 
day over a 7-day period (n=1163). This left a sample size of 6255 from which 1000 
unexposed adults were randomly selected, proportional to each age*gender*race/ethnicity 
strata from the exposed group using proc surveyselect in SAS version 9.3 (Cary, NC). The 
strata included 5 age categories (20–49, 50–59, 60–69, 70–79, ≥80) and 4 race/ethnicity 
categories (Hispanic, non-Hispanic White, non-Hispanic Black, non-Hispanic Other). This 
group is referred to as the “referent group”.
Physical Activity Measurement by Self-Report
Respondents to the PA questionnaire were asked to report the frequency and duration of 
physical activities performed as part of active transportation (such as walking or bicycling to 
and from work or shopping), household and yard work, and leisure activity over the 30 days 
preceding the interview. The questionnaire defined moderate intensity as “tasks that caused 
light sweating or a slight to moderate increase in breathing or heart rate” and vigorous 
intensity as activities that “cause heavy sweating or large increases in breathing or heart 
rate”. Those who engaged in moderate and/or vigorous leisure activity were prompted to 
indicate whether they had performed any of 48 specific recreational activities. Metabolic 
equivalent (MET) values for the individual activities were assigned according to tables 
published by Ainsworth et al. 8. Further, we grouped the individual leisure activities into ten 
categories 9 and created an ‘aerobic exercise’ category that combined a subset of individual 
activities reported. More detail on the definition and coding of PA can be found elsewhere 
(http://www.unc.edu/~kevenson/_NHANES_PAQ_2003-06.pdf).
Evenson et al. Page 3






















The “2008 Physical Activity Guidelines for Americans” indicated that adults should obtain 
at least 150 minutes/week of moderate intensity or 75 minutes/week of vigorous intensity 
aerobic activity, or a combination of these.10 Using these guidelines, we classified adults as 
meeting recommendations if they reported at least 150 minutes/week of moderate intensity 
aerobic activity, at least 75 minutes/week of vigorous intensity aerobic activity, or an 
equivalent combination of the two 11.
To identify indications of sedentary behavior, participants were asked to report daily 
duration of screen-time exposure for television, video, and computer use that were unrelated 
to work. Participants also answered two close-ended questions aimed to gather self-
assessment of usual daily activity and activity level compared to their peers.
Physical Activity Measurement by Accelerometry—Those who participated in the 
PA monitor examination were asked to wear the ActiGraph accelerometer (model 
#AM7164) on their hip for seven consecutive days during waking hours and outside of any 
water-based activities.12, 13 Beginning at midnight on the day following the clinic visit, the 
accelerometer recorded 1-minute epochs of analog acceleration and converted it to a digital 
signal.14 Non-wear was defined by an interval of at least 60 consecutive minutes of zero 
counts/minute, with allowance of up to 2 minutes of nonzero counts if no counts were 
detected during both the 30 minutes of upstream and downstream from that interval; any 
nonzero counts except the allowed short intervals were considered as wear time.15 Counts in 
the non-wear period were set to missing.
The ActiGraph accelerometer assessed acceleration using counts as the output metric. To 
interpret counts, researchers use cutpoints or thresholds to characterize activities by 
intensity,16 which includes sedentary, light, moderate, or vigorous activity. Calibration 
studies are conducted to determine cutpoints that generally correspond to these intensity 
levels. A number of ActiGraph studies of adults provide count cutpoints to distinguish 
moderate to vigorous PA (MVPA) from other forms of less intense activity. We used the 
cutpoints originally applied to these NHANES data.17 Vigorous intensity was defined as 
>=5999 counts/minute and moderate intensity as 2020–5998 counts/minute. A lower 
moderate intensity threshold was calculated based on studies that incorporated more lifestyle 
activities, defined as 760–2019 counts/minute.18 Light intensity PA was defined between 
101–759 counts/minute and sedentary behavior was defined as ≤100 counts/minute.19
Other Self-reported Measures—Self-reported measures used to describe the 
participants used in this study included age, race/ethnicity, gender, education, household 
income, marital status, and cigarette smoking. Age above 85 years was top-coded before the 
data were released to protect confidentiality of the respondents. This meant that all 
individuals of that age or older were assigned an age of 85 years. Current smoking was 
defined as use of cigarettes on “some days” or “every day” and former smoking was defined 
as report of any past smoking.
Statistical Methods—To account for the differential probability of selection, all 
percentages were weighted to the 2000 census using the 4-year sample weights provided by 
NHANES (National Center for Health Statistics 2004, 2006). The data were nested (i.e., 
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screener, household interview, examination), so non-response and post-stratification 
adjustments were applied.
For self-reported and accelerometer measured PA, P values were calculated to compare 
those with angina, CHD, CHF, or MI to the referent group using weighted percents (using 
chi-square) and means Wald’s F test. All comparisons using the accelerometer data 
controlled for wearing time. Proc SURVEYREG was used to compare within CVD group 
whether accelerometer-assessed PA or sedentary behavior differed (i) when the diagnosis 
occurred one year or less in comparison to 2–5 years, 6–10 years, or more than 10 years and 
(ii) by the number of CVD conditions, both controlling for age and accelerometer wearing 
time.
RESULTS
The description of those with self-reported history of angina, CHD, CHF, and MI are 
reported in Table 1, along with the referent group without self-reported CVD. The mean age 
among those with CVD was 69.6 years for angina, 70.2 years for CHD, 69.3 years for CHF, 
and 69.9 years for MI. For each of the CVD conditions, men comprised a higher proportion 
of the sample (range 53.3%–66.4%), as did non-Hispanic Whites (80.9%–86.1%).
For the CVD entire sample (n=680), the total number of CVD conditions was 53.9% for 
one, 27.2% for 2, 12.6% for 3, and 6.3% for all 4. Considering all combinations of the 4 
CVD conditions, the most commonly reported was a single condition (CHF only 13.9%, 
CHD only 13.7%, MI only 13.4%, angina only 12.9%), followed by the combination of 
CHD and MI 8.4%. Time since the condition ranged from 1 year or less (range 12.8% 
angina to 19.2% CHF) to those having the condition more than 10 years (range 30.0% CHF 
to 47.0% angina).
Self-reported Physical Activity and Sedentary Behavior
Four-year prevalences (2003–2006) for the categorical PA and sedentary measures are 
presented in Table 2. Among those with CVD, the prevalence of any transportation activity 
in the past month ranged from 12.5% (CHF) to 16.7% (MI), any moderate to vigorous 
household activity ranged from 50.1% (CHF) to 59.6% (CHD), moderate leisure activity 
ranged from 39.7% (CHF) to 53.8% (CHD), and vigorous leisure activity ranged from 
12.9% (CHF) to 18.4% (CHD), all in the past month. The prevalence of meeting the 2008 
PA guidelines in the past month ranged from 14.6% (CHF) to 27.5% (CHD). The most 
common type of leisure activities reported among those with CVD was walking, followed 
by other recreational activities and indoor aerobic conditioning activities. The prevalence of 
past month household and moderate/vigorous leisure activities were all significantly lower 
among those with angina, CHD, CHF, and MI compared to the referent group.
The prevalence of watching 4 or more hours of television per day ranged from 36.2% (MI) 
to 44.8% (CHF). Television watching and time on the computer outside of work was 
generally higher among those with any of the CVD conditions compared to the referent 
group. The prevalence of “mostly sitting” during the day ranged from 30.5% (angina) to 
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45.3% (CHF), with all but the angina group having a significantly higher distribution 
compared to the referent group.
Four-year prevalences for the continuous PA measures are presented in Table 3. For 
example, time spent in moderate to vigorous leisure activity ranged from 2.1 hours/week 
(with 1.2 hours/week from aerobic exercise) among those with CHF to 2.8 hours/week (with 
2.0 hours/week from aerobic exercise) among those with CHD. Similar to the categorical 
measures, the prevalence of PA was generally lower among those with CHF when 
comparing to the other CVD conditions and to the referent group without CVD.
Accelerometry Determined Physical Activity and Sedentary Behavior
The average accelerometer wear time ranged from 12.6 to 13.0 hours/day among those with 
CVD, with longer wear among the referent group (Table 4). Accelerometer-determined 
counts/minute, an indication of overall activity, ranged from 172.2 for those with CHF to 
198.3 among those with angina. The referent group without CVD had higher overall activity 
(244.6 counts/minute) than any of the 4 CVD groups. MVPA ranged from 8.6 minutes/day 
among those with CHF to 11.4 minutes/day among those with angina. MVPA was 
significantly lower for all 4 CVD groups when compared to the referent group without 
CVD. Sedentary behavior ranged from 9.6 hours/day (angina) to 10.1 hours/day (CHF), with 
all CVD groups significantly higher than the referent group (9.2 hours/day).
Comparisons by Year Since the Condition and Number of CVD Conditions
A consistent pattern of PA by time since the condition did not emerge across CVD groups 
(Table 5). However, sedentary behavior was higher for MI participants 2–5 years (P=.003), 
6–10 years (P=.08), and ≥10 years (P=.03) from diagnosis compared to those within 1 year 
of diagnosis.
Among those with CVD (n=635), light activity was lower with more CVD conditions (Table 
6), but MVPA, lower moderate, and sedentary behavior did not significantly differ by 
number of CVD conditions. Consistent patterns were not observed within CVD conditions.
DISCUSSION
Using nationally representative data, this study described the prevalence of both self-
reported and objectively measured PA and sedentary behavior among those with CVD. 
Generally those with CHF had lower PA and higher sedentary behavior than the other CVD 
groups. We hypothesized that PA would be lower and sedentary behavior would be higher 
among those with CVD in comparison to a referent group without CVD and this hypothesis 
was confirmed.
The prevalence of the modifiable PA and sedentary behaviors in this population at risk for a 
recurrent CVD event is concerning. Sedentary behavior is a distinct class of behaviors that 
involves sitting and low levels of energy expenditure (<=1.5 METS), although much less 
studied than PA behavior.20,21 Those with high amounts of sedentary behavior are at 
increased risk of diabetes, other chronic conditions, and mortality regardless of their levels 
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of MVPA.22 While the US does not yet have national recommendations for sedentary time, 
the absolute time spent in sedentary behavior was quite high among those with CVD.
We hypothesized that the prevalence of PA would be higher and sedentary behavior lower 
among those with one CVD condition compared to those with 2 or more CVD conditions, 
based on the severity of CVD. However, this was generally not supported. We also 
hypothesized that the prevalence of PA would be higher and sedentary behavior lower in the 
first year following a diagnosis as compared to subsequent years. This hypothesis was not 
confirmed and a consistent pattern was not observed, except for lower sedentary behavior 
for MI participants within 1 year of diagnosis compared to longer periods since diagnosis. 
Our hypothesis was based on the assumption that at least a proportion of those with CVD 
would have been referred to and attended cardiac rehabilitation, a program which includes 
regular PA. Cardiac rehabilitation also improves physical functioning, enhances quality of 
life and psychological well-being, reduces cardiac symptoms, and may lead to reductions in 
mortality and morbidity for those with CVD.23–26
However, cardiac rehabilitation services are consistently underutilized,27–31 and even when 
patients enter cardiac rehabilitation, adherence to the program can be suboptimal.29,32 
Barriers to participation in cardiac rehabilitation exist at multiple levels, including policy 
barriers such as financial/insurance issues, organizational barriers such as work conflicts and 
limited transportation, and intrapersonal barriers such as lack of interest and time 
constraints.33 We also have limited knowledge on whether regular PA continues following 
cardiac rehabilitation. A Canadian study indicated that factors such as younger age, 
currently working full-time, and higher PA enjoyment, cardiac rehabilitation staff support, 
and perceived health all contributed to PA adherence 3.5 years post-cardiac rehabilitation.34
Limitations
This study is subject to several limitations. Self-reported CVD depends on the participant 
awareness of the disease and may be affected by social desirability bias and recall bias.35 
This study also did not have information on cardiac rehabilitation attendance.
The PA questionnaire did not inquire about all types of MVPA, such as work or indoor 
household tasks, precluding us from deriving a total MVPA measure similar to the 
accelerometer derived metric. For the questions on moderate and vigorous leisure activities, 
several activities were included that require less than moderate intensity when considering 
assigned MET values, including yoga and stretching. However, the questions were answered 
based on perceived exertion, for which all activities should have at least light sweating or a 
slight to moderate increase in breathing or heart rate. To estimate meeting guidelines for 
self-reported PA, we doubled the minutes of vigorous intensity aerobic activity to contribute 
to this criteria, similar to others.11 However, it is not known if the guidelines were intended 
to be calculated in this way. Moreover, we only counted aerobic leisure activities towards 
this guideline; it is possible that other non-leisure activities were aerobic in nature, but the 
prevalence is expected to be low.
The uniaxial accelerometer used by NHANES undercounts some activities, such as 
bicycling and weight lifting, and misses other activities, such as swimming, because the 
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monitor was not waterproof and participants were told to remove it for any water-based 
activity. It is unclear if the results were affected by the reactivity of wearing the monitor. 
Finally, interpretation of the associations with number and time since diagnosis was limited 
by the cross-sectional nature of the data.
CONCLUSION
The US prevalence of PA was generally lower and sedentary behavior higher among those 
with CVD compared to a similar group but without CVD. Among those with CVD, CHF 
participants consistently had lower PA and higher sedentary behavior. Increased and 
targeted efforts are needed to encourage PA and reduce sedentary behavior for secondary 
prevention of CVD. Continued national surveillance can track whether meaningful 
improvements are made to PA and sedentary behavior over time and national goals could be 
set to improve upon these baseline metrics.
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